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tallow, however, is different merely in appearance from the original solid, and the air in the vessel surrounding it is quite the same as before. The liquid tallow will burn quite readily on a wick, and the air about it will support its combustion, as was not true after burning the candle, as above. The change of form without change of nature is a physical change. A bitter debate between two chemists of the early igth century, Proust and Berthollet, led the former to what is now known as Proust's law, or the Law of Definite Composition. Berthollet contended that the composition of a chemical compound was not necessarily a feed thing, but depended upon the proportions of its constituents present at its formation. Proust vigorously disagreed with this view and contended that the relative proportions were of no importance, but that the one less abundant would satisfy itself by combining with the proper amount of the other, leaving a residue of the more plentiful element. In a long series of brilliant experiments he succeeded in showing the truth of this view, demonstrating, for instance, that 16 parts of oxygen and 200 parts of mercury (by weight) would form mercuric oxide and that no other ratio would serve to form that particular compound. Proust's law is stated: Any chemical compound always is made up of precisely the same proportion by weight of its constituent elements.

John Dalton, having before him the idea of indestructible matter and Proust's law of definite composition, investigated the nature of many compounds formed by chemical change from the standpoint of their component parts (elements in the sense of the term used by Boyle) and the ultimate particles of matter as he conceived them are now considered to be those which cannot be subdivided without altering the nature of the substance and they are now called molecules. In general the idea of the molecule as the unit in physical change and of the atom as the chemical unit still holds.

Dalton was led to the theory of atoms by quantitative investigations of the' formation of chemical compounds. He reached the conclusion that individual chemical compounds always have a definite composition and that where more than one compound of two elements exist there is a simple numerical ratio between the proportions in them. In other words, a fixed amount of carbon combines with a definite amount of oxygen (or hydrogen) as in carbon monoxide (or ethy-

Chemistry

lene), or with precisely twice that amount as in carbon dioxide (or methane). The Law of Multiple Proportions is stated: When two elements unite to form more than one compound the weights of one uniting with a fixed weight of the other stand to each other in a simple numerical ratio expressible by simple whole numbers.

Dalton reasoned even beyond this. Briefly stated his theory is:

c(i) Every element is made up of extremely small indivisible particles called atoms.

'(2) The atoms of different elements possess different weights, but all those of the same element possess the same weight.

'(3) Chemical compounds are formed by the union of atoms in simple numerical proportions.'

This theory has been indispensable in the progress of chemical science. The assumption of atoms, for example, simplifies the law of indestructibility of matter. In every field of chemistry the atom is the fundamental unit. While no longer regarded as an indivisible entity, it is still the basis for the study of chemical reactions and for chemical formulas. See ATOM.

The next important additions to chemical theory were made by Gay-Lussac and by Avogadro. Gay-Lussac showed that Chemical reactions between gases occur always between volumes (under the same conditions of temperature and pressure] bearing simple numerical ratios to each other and to the volume of the resulting product, if it be gaseous. In other words, two volumes of hydrogen combine with one volume of oxygen to form two volumes of steam (water in the gaseous state.) Avogadro went a step further by adding the conception of molecules, advancing the theory that equal volumes of all gases under the same conditions of temperature and pressure contain the same number of molecules. The molecules he believed to be the ultimate physical particles formed' by the union of atoms, whether they be of the same or different kinds.

According to the molecular theory, therefore, a certain number of molecules of oxygen unite with twice that number of molecules of hydrogen to form twice that number of molecules of steam, so that one molecule of oxygen goes to produce two molecules of steam. The molecule of oxygen, therefore, cannot consist of a single atom, which is indivisible, but must be composed of an even number of